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Abstract
Background: We sought to develop a model of bacterially induced preterm delivery in rats to
parallel similar models in mice.
Methods: Female Sprague-Dawley rats on day 17 of gestation (normal term = 21–22 days) were
inoculated into the uterus with either 2 × 109 – 7 × 1010 killed E. coli organisms, 1 – 4 × 108 live E.
coli or sterile solution. These inoculations were made either via trans-cervical catheter or by direct
intrauterine injection at laparotomy. Animals were then observed for delivery for variable periods
up to term. Necropsies were performed and fetal viability was assessed.
Results: No rats delivered prematurely after bacterial exposure (27 animals observed for at least
48 hours), and all animals followed to term (n = 3) delivered live pups. No dams exhibited signs of
systemic illness. There was a statistically significant but small negative effect of killed E. coli on fetal
viability (100% of 80 fetuses from 6 control pregnancies and 93% of 182 fetuses from 14 bacterially-
treated pregnancies were alive at necropsy, p = 0.014). Live bacteria had a larger effect on fetal
viability, with only 64% of 14 fetuses, 47% of 28 fetuses and 32% of 31 fetuses surviving after trans-
cervical administration of 7 × 107, 2 × 108 and 4 × 108 E. coli, respectively.
Conclusion: Unlike mice, it has proven difficult to induce preterm labor in the rat using E. coli as
a stimulating agent. The relevant literature is reviewed and hypotheses are offered to explain this
phenomenon.
Background
Preterm birth is the major cause of neonatal morbidity
and mortality in the developed world [1]. Infection within
the gestational compartment is thought to be the primary
cause of a large proportion of cases of preterm labor,
accounting for as many as 50% or more of premature
deliveries, especially at very early gestational ages. Given
the complexity inherent in the processes of parturition
and the obstacles to conducting properly controlled and
prospective studies in human subjects, animal models
have proven helpful in developing an understanding of
the physiology and pathophysiology of parturition [2].
Novel insights have been generated in animal models of
infection-induced preterm labor in mice using a wide
range of inflammatory stimuli from a large number of
labs (small representative sample found in references [3-
9]), including our own. Other well established models
exist in rabbits [10-13] and non-human primates [14-16].
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In order to capitalize on certain advantages afforded by
the rat over the mouse (such as larger tissue samples and
more easily conducted invasive monitoring), we sought to
develop a model of infection-induced preterm labor in
the rat. In this paper we report on the failure of this
attempt, offer hypotheses for the causes of this failure and
suggest possible directions for future study. It is notable
that although there are abundant studies of rat parturition
induced by progesterone antagonism [17-19] only two
groups have reported preterm delivery with an infectious/




All procedures involving animals were approved by the
Institutional Animal Care and Use Committee of North-
Shore University HealthSystem. Timed pregnant Sprague-
Dawley rats (254 – 380 gm) were obtained from Harlan
(Indianapolis, IN) on day 15 of pregnancy and allowed to
acclimate in the animal facility until the experiment was
performed. In most cases and unless otherwise stated,
experiments occurred on day 17 of a 21–22 day rat preg-
nancy.
Bacterial preparation
Bacteria (a pathogenic strain of E. coli originally isolated
from a patient with urosepsis and obtained from the
American Type Culture Collection (ATCC #12014)) were
stored in 50% glycerol at -80°C and processed as previ-
ously described [4,23]. Live and heat-killed bacteria from
this strain have been used repeatedly by our group to
induced preterm delivery in mice.
For experiments with killed bacteria, a small chip of the
stock culture was thawed in Luria-Bertani (LB) medium,
passaged 4 times prior to overnight culture in 4 L of
medium and concentrated by centrifugation. The bacteria
were then washed three times in phosphate-buffered
saline (PBS) and resuspended in 8 ml of PBS, yielding a
concentration of 1.7 × 1011 bacteria per ml. This dense live
bacterial prep was quantitated by plating serial dilutions
for overnight culture just prior to the remaining stock
being killed by boiling for 5 minutes. Non-viability of this
boiled preparation was confirmed by overnight incuba-
tion of both plate and broth cultures. The stock of killed
E. coli was aliquoted and frozen at -80°C. Prior to each
experiment using killed bacteria, an aliquot was thawed
and diluted in PBS to the desired concentration.
For experiments with live bacteria, E. coli were taken either
from the frozen stock or from fresh plates and passaged
twice, including one overnight culture in 3 ml of LB
medium. At 10 AM, 100 μl of the overnight culture was
added to 5 ml of sterile medium and grown at 37°C for 4
hours, when surgeries were performed. This bacterial prep
was used undiluted and was kept at room temperature
during surgery. The culture was quantified by plating
before the first procedure and after the last procedure of
the day, and the pre- and post-procedure counts were
averaged to determine the inoculum used.
Surgical procedures
Rats were anesthetized with a mixture of 10 mg/kg Keta-
mine and 1 mg/kg Xylazine intraperitoneally. They were
then immobilized in the supine position with the external
genitalia slightly overhanging the edge of the lab bench. A
3 mm lacrimal duct scope attached to an external light
source was advanced into the vagina. Polyethylene tubing
(Becton Dickinson #427416, I.D. 0.76 mm (.030") O.D.
1.22 mm (.048")) was joined to the barrel of the scope
through a narrow channel created from strips of tape. The
tubing could be advanced or withdrawn for cannulation
of the cervix under direct visualization. The cannula
(primed with injectate to remove air) was advanced for a
distance of approximately 1 cm through the cervical open-
ing prior to injection of 100 – 1000 μl of solution. Various
infusion volumes were used to assess their potential dif-
ferential effects. After an average of 30 seconds (to allow
for fluid distribution through the uterine horn while min-
imizing egress through the cervix), the cannula was with-
drawn and visualization continued for another 30
seconds to assess whether fluid leakage occurred. The rat
was then returned to her cage and allowed to awaken from
anesthesia.
Original attempts using both an external pressurized air
supply and a hand-operated bulb to distend the vagina to
ease visualization of the cervix were abandoned due to air
entry into the uterine horns. Thereafter, we were easily
able to visualize and catheterize the cervical orifice with-
out any source of pressurized air.
In general, animals tolerated these procedures well. Four
rats died within 20 hours of surgery (presumably from
anesthetic complications, as no specific findings were
seen on necropsy). An additional 2 animals developed a
severe shock-like syndrome, again with no findings on
necropsy. These 6 subjects were excluded from the analy-
sis.
In some cases, direct intrauterine injection of bacteria was
performed at laparotomy to assess the effects of route of
administration. These abdominal procedures were fash-
ioned after our existing mouse model [4,23]. A 2 cm mid-
line incision was made in the lower abdomen and the
right uterine horn was exposed. Bacteria or sterile medium
were then injected in volumes of 100 – 1000 μl into the
midsection of the right uterine horn at a site between two
adjacent fetuses. The peritoneal cavity was then closed
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with interrupted sutures and the skin was closed with sta-
ples.
Surgical procedures lasted 10 – 15 minutes. Animals
recovered in individual, clean cages in the animal facility
and underwent twice-daily observations. The number of
live-born or dead pups was noted. Preterm delivery was
defined as the finding of at least one fetus in the cage or in
the lower vagina within 48 hours of surgery.
In some cases, early euthanasia and necropsy were per-
formed to assess catheter placement, dye distribution or
fetal viability. Fetal viability was assessed by color, spon-
taneous movement and visible vascular pulsations in
either the chest cavity or the vessels within fetal mem-
branes. Other animals were observed for various periods
of time through one week after delivery to record other
observations, such as time to delivery and viability of
delivered pups. Animals were euthanized by CO2 inhala-
tion plus thoracotomy.
Statistics
Statistical analysis of categorical values was by chi-square
or contingency tables, with Fisher exact correction as
needed.
Results
Development of a trans-cervical uterine infusion model in 
the rat
A total of 9 rats on days 14–18 of pregnancy underwent
catheterization and immediate euthanasia to assess cathe-
ter position. A separate group of 14 pregnant rats on ges-
tational days 17–19 (7 rats on day 17, 6 rats on day 18 and
1 rat on day 19) was instilled with PBS with or without
sterile bromphenol blue dye in a total volume of 100–500
μl and observed for up to 70 hours to characterize the dis-
tribution of dye and any fetal effects.
After an initial learning period, we were able consistently
to catheterize one uterine horn to the desired distance of
1 cm and infuse it with the dye solution with retention of
dye in the uterine horn, continued viability of fetuses (ver-
ified by both immediate and delayed necropsy) and min-
imal leakage out the cervix and vagina. No control
animals delivered within 48 hours, the previously deter-
mined cutoff for preterm delivery (n = 14), and 11 of 12
rats followed to term delivered healthy litters (averaging
11.1 ± 2.7 pups per litter). The 12th rat had vaginal bleed-
ing 20 hours after surgery and upon necropsy was found
to have 6 absorbing conceptuses in one uterine horn
along with 10 empty implantation sites distributed in
both horns, suggestive of prior delivery from these sites.
Therefore, we concluded that the trans-cervical infusion of
various volumes of sterile solution was feasible and rarely
affected the course of pregnancy.
Trans-cervical intrauterine infusion of a pathogenic strain 
of killed E. coli fails to induce preterm delivery
The trans-cervical infusion method was used to instill 2 ×
109 – 8 × 1010 killed E. coli organisms into the uteri of 14
pregnant rats at 17 days of gestation (Table 1). None of
these animals delivered within 48 hours. Among these
pregnancies, 6 were euthanized and necropsied at 48
hours to assess fetal status (see results below). The remain-
ing 8 rats were observed for 70 hours without any preterm
deliveries. No animals exhibited signs of systemic illness
(such as piloerection, decreased mobility or decreased
feces production).
Intrauterine infusion of live E. coli fails to induce preterm 
delivery
Our existing mouse model is characterized by a dramatic
difference in potency of killed versus live bacteria for
induction of preterm delivery (live bacteria are more
potent by 5–6 orders of magnitude, with as few as 2000
organisms leading to preterm delivery) [4]. Therefore, we
also experimented with live bacteria in an attempt to max-
imize the potential for inducing preterm delivery in rats.
Eight pregnant rats were inoculated trans-cervically with 1
– 4 × 108 live E. coli organisms. None of these animals
delivered prematurely, including 3 animals that were fol-
lowed to term, each of whom delivered live pups. None of
the rats treated with live bacteria showed signs of systemic
illness.
Finally, in order to investigate the effect of method of
inoculation, 5 pregnant females were inoculated with 2 –
4 × 108 live E. coli organisms by direct injection into the
Table 1: Effect of intrauterine E. coli inoculation on preterm delivery. 
Treatment Number of E. coli organisms Number of animals Preterm delivery rate (%)
Trans-cervical infusion
Control N/A 16 0
Killed E. coli 0.2 – 8 × 1010 14 0
Live E. coli 1 – 4 × 108 8 0
Infusion at laparotomy
Control N/A 1 0
Live E. coli 2–7 × 108 5 0
'Preterm' was defined as 48 hours after surgery, however some animals were observed for longer periods, up to term (see text).
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right uterine horn at laparotomy. None of these 5 rats
delivered prematurely.
Fetal effects of intrauterine bacterial infusion
The effect of intrauterine bacterial infusion on fetal viabil-
ity was assessed by timed necropsy after surgery. One hun-
dred percent of 80 fetuses from 6 mothers who received
control (non-bacterial) injections and were euthanized 24
– 70 hours later were still alive at the time of necropsy.
Also, as noted above, dams followed to term after control
injections delivered large, healthy litters. In 14 litters
treated with 2 × 109 – 8 × 1010 killed bacteria, 93% of 182
fetuses were alive at necropsy 48 – 70 hours later (p =
0.014, comparing control to killed bacterial injection).
There were no significant trends associating inoculum size
with fetal survival. Thus, killed E. coli has a statistically sig-
nificant though small impact on fetal viability.
In contrast, live bacteria had a large effect on fetal viability
that was dependent upon route of administration. Trans-
cervical inoculation with live E. coli was associated with
survival at necropsy 48 hours later in 64% of 14 fetuses,
47% of 28 fetuses and 32% of 31 fetuses from 5 pregnant
rats administered 7 × 107, 2 × 108 or 4 × 108 live E. coli,
respectively (p = 0.13) (Figure 1). Direct administration of
live bacteria by intrauterine injection at laparotomy pro-
duced even more profound effects on fetal survival, with
only 3.4% of 63 fetuses from 5 pregnant dams still alive at
necropsy 48 hours later (p = 0.0006 for comparison of the
trans-cervical and direct injection routes of administration
of 2 × 108 bacteria and p = 0.003 for comparison of the
two routes of administration of 4 × 108 bacteria). Finally,
each of 3 pregnant dams who received 1 – 2 × 108 live E.
coli trans-cervically and were followed through spontane-
ous delivery produced live pups at term, but their number
was diminished (average 3 per litter), compared with 10.2
pups per litter in control animals (p = 0.001).
Discussion
The present study describes the inability to induce pre-
term delivery in pregnant rats using live or killed E. coli.
This experience stands in sharp contrast to published
Effect of intrauterine treatment on fetal viabilityFigure 1
Effect of intrauterine treatment on fetal viability. Female rats on day 17 of pregnancy were inoculated with either ster-
ile solution (control), killed E. coli or live E. coli bacteria, by either trans-cervical infusion or direct intrauterine injection at 
laparotomy. Animals were euthanized 24–70 hours later and fetal viability was determined. Displayed on the Y-axis is the per-
centage of fetuses alive at the time of autopsy. The number of treated dams in each group is also displayed.
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experience with mice, in which live or killed E. coli as well
as multiple other inflammatory/infectious stimuli pro-
duced preterm delivery [3,4,6-9,24,25]. These stimuli
include a variety of bacteria, pathogen extracts (e.g. LPS,
peptidoglycan, lipoteichoic acid, poly inosinic:cytidylic
acid), cytokines (e.g. IL-1, TNF), and others. The strain of
E. coli used in the present study has been used successfully
in models of preterm birth not only by our group but by
others also in mice [8,26] and rabbits [12,27].
We could identify in the literature only two laboratories
that reported induction of preterm delivery using an infec-
tious/inflammatory stimulus in rats [20-22]. In work from
the first group, Sprague Dawley rats underwent intrauter-
ine implantation of catheters on day 15 or 16 followed on
day 17 of pregnancy by infusion of 25 μg or 50 μg of LPS
over 4 hours. Saline treatment was followed by delivery in
an average of 117 hours, whereas 25 μg and 50 μg of LPS
produced delivery in 82 and 63 hours, respectively,
together with increased production of prostaglandin F2α
metabolite in placentas of LPS-exposed animals [20]. In a
separate study from the same group, a 50 μg infusion of
LPS produced preterm delivery in an average of 92 hours,
which was approximately one day before delivery in
saline-treated rats [22]. Treatment with IL-10 restored
delivery to term. It is not clear why there was a discrepancy
of nearly 30 hours in the interval to delivery between
these two studies in rats treated with 50 μg LPS. In a com-
ment, the authors note that slow infusion over 4 hours
appears to be important for 'optimal results' [20]. For our
studies we chose 48 hours as a reasonable cut-off for 'pre-
term delivery' to avoid approaching term and because this
cutoff is practical in the mouse (in which delivery in sim-
ilar models usually occurs in less than 24 hours). When
delivery did not occur in this time frame, we extended our
observations to term and still did not observe early deliv-
ery.
In work from the second group, Wistar rats were treated
with 25 μg/kg of E. coli LPS intraperitoneally on day 16 of
pregnancy [21]. Although no animals in this study were
treated with control injections, the average time to deliv-
ery was approximately 22 hours. It should be noted that
assuming an average weight of 333 gm per rat, these sub-
jects would have received 8.3 μg of LPS each. Somewhat
surprisingly, intraperitoneal treatment with erythromycin
significantly prolonged the interval to delivery, by up to
50 hours.
Whether the different potencies reflected in the above two
experimental designs is due to route of administration
(intrauterine versus intraperitoneal), rate of infusion, rat
strain (Sprague-Dawley versus Wistar) or some other fac-
tor is not clear. In the present report, Sprague Dawley rats
treated with 2 × 109 – 8 × 1010 killed E. coli would have
received between 20 μg and 800 μg of LPS each, assuming
that each E. coli bacterial cell contains 9.7 × 10-15 gm LPS
[28].
Far more numerous than the 3 studies cited above that
demonstrate preterm birth after LPS administration are
the studies that use hormonal manipulation (primarily
progesterone antagonism) to induce preterm delivery in
rats (examples to be found in [18,29,30]). This notable
fact is reinforced by another, namely that the literature
contains several examples of experimental LPS exposure
in rats after which observation periods of sufficient length
were conducted to effectively rule out subsequent preterm
delivery. For example, E. coli-derived LPS (400 μg/kg intra-
peritoneally) induced cervical changes in Sprague Dawley
rats when administered on day 14 of pregnancy [30]. Ani-
mals were harvested 2 days after treatment with no cases
of preterm delivery reported. In a study of the effect of pre-
natal LPS on neurobehavioral development, pregnant
Wistar rats were administered 2 mg/kg of E. coli LPS sub-
cutaneously on each day of pregnancy from conception
through delivery [31]. Though maternal LPS treatment
induced significant changes in neonatal neurobehavioral
outcomes as well as dopaminergic neurotransmission and
synaptophysin expression, there was no reported effect on
timing of delivery. A different study in which Sprague
Dawley rats were treated with LPS (100 μg/kg intraperito-
neally) every day from day 14 to day 20 of pregnancy
demonstrated a significant increase in fetal death and
reduced size of surviving fetuses compared with controls
[32]. Within the uteri of treated dams there was increased
apoptosis, a doubling of TNFα levels and a tripling of
nitric oxide and myeloperoxidase levels, however no pre-
term labor was reported. In a study focusing on fetal/neo-
natal brain injury, E. coli LPS treatment (500 μg/kg
intraperitoneally) of pregnant Sprague Dawley rats on day
18 and again on day 19 of pregnancy produced white mat-
ter injury, myelination defects and apoptosis and
increased expression of IL-1β, TNFα and IL-6 in pup
brains 7 days after birth [33]. Again, no preterm delivery
was reported. In a Chinese language publication available
in English in abstract form, treatment of Sprague Dawley
rats with intraamniotic LPS (quantity not provided) on
day 15 of pregnancy produced both histologic changes
and reduction in expression of vascular endothelial
growth factor (VEGF) and its receptors (Flk-1 and Flt-1) in
neonatal lungs, but animals delivered at term [34].
Why has the induction of inflammation-induced preterm
birth been so difficult and variable in the rat, while it is so
readily accomplished in mice and other species? The
results cited above and the fact that in the present study
there were measurable effects on fetal survival suggest that
the pregnant Sprague Dawley strain of rat is responsive to
E. coli. Among the demonstrable effects of LPS in pregnant
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rats are uterine apoptosis and increased expression of
TNFα, nitric oxide and myeloperoxidase [32], increased
prostaglandins in the amniotic fluid and an increase in in
vitro myometrial contractile activity in response to oxy-
tocin [35], and an increase in both spontaneous and ago-
nist-induced uterine contractions in myometrial strips
isolated from LPS-treated rats [36]. Therefore, it seems
likely that failure to induce preterm delivery in this model
of bacterial infection is specific for parturition, rather than
due to a global hyporesponsiveness to either Gram nega-
tive bacteria or LPS.
Among the possible explanations for this phenomenon is
that LPS may have a differential effect among different
rodent species with respect to parturition-related factors.
A number of genes have been identified in the mouse that
are critical for a normal response in parturition models. It
is possible that some of these genes or others not yet iden-
tified are differentially expressed in various rat strains,
thus accounting for a lack of responsiveness. Further com-
parative analysis of genomic sequence information (par-
ticularly between mice and rats) may provide valuable
insights in this regard. Terrone noted that high doses of
LPS induced intrauterine fetal demise, while lower doses
tended to produce fewer fetal deaths and preterm delivery
[22]. Two groups have reported that LPS increases uterine
myometrial contractility in rat uterus in response to oxy-
tocin [35,36]. However, spontaneous uterine contractions
induced by LPS in the rat do not appear to be mediated by
prostaglandins, as prostaglandin inhibitors fail to dimin-
ish this response [36]. This appears contrary to relevant
mechanisms in other species. Finally, uterine contractions
in the rat may be dissociated from cervical ripening. In
one study, a platelet-activating factor (PAF-) antagonist
blocked cervical changes induced by LPS but not those
induced by the antiprogestin RU-486 [30]. Perhaps the rat
laboring after exposure to LPS or E. coli, unlike the spon-
taneously laboring rat at term, does not experience the
kind of cervical modifications ('ripening') that allow it to
deliver.
We observed a difference in the fetal toxicity of a live bac-
terial inoculum between trans-cervical inoculation with a
catheter and direct intrauterine inoculation at laparot-
omy. We suspect that this difference may be due to
delayed leakage of the trans-cervical inoculum through
the dilated cervical orifice left behind by the catheteriza-
tion procedure, thus effectively diminishing the size of the
inoculum.
It is our hope that publication of the present negative
results will either spur successful efforts to create an
improved rat model or lead to potentially useful insights
as to why this rodent behaves so differently from the
mouse. Such insights have the potential to lead to appli-
cations in humans that will diminish the burden of pre-
mature birth.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
EH contributed to the conception and design, develop-
ment of the rat model, analysis of data, and drafting of the
manuscript. YF contributed to the development of the rat
model, carried out the experiments, analyzed results and
helped draft the manuscript. RR contributed to the con-
ception and design, analysis of data, and drafting of the
manuscript. All authors read and approved the final man-
uscript.
Acknowledgements
Mr. Lennard Wahlberg provided technical assistance with development of 
the trans-cervical infusion model.
This research was supported in part by the Intramural Research Program 
of the National Institute of Child Health and Human Development, NIH, 
DHHS.
References
1. Klein LL, Gibbs RS: Use of microbial cultures and antibiotics in
the prevention of infection-associated preterm birth.  Am J
Obstet Gynecol 2004, 190(6):1493-1502.
2. Elovitz MA, Mrinalini C: Animal models of preterm birth.  Trends
Endocrinol Metab 2004, 15(10):479-487.
3. Fidel PL, Romero R, Wolf N, Cutright J, Ramirez M, Araneda H, Cot-
ton DB: Systemic and local cytokine profiles in endotoxin-
induced preterm parturition in mice.  Am J Obstet Gynecol 1994,
170:1467-1475.
4. Hirsch E, Saotome I, Hirsh D: A model of intrauterine infection
and preterm delivery in mice.  Am J Obstet Gynecol 1995,
172(5):1598-1603.
5. Hirsch E, Wang H: The molecular pathophysiology of bacteri-
ally induced preterm labor: insights from the murine model.
J Soc Gynecol Investig 2005, 12(3):145-155.
6. Ilievski V, Lu SJ, Hirsch E: Activation of toll-like receptors 2 or 3
and preterm delivery in the mouse.  Reprod Sci 2007,
14(4):315-320.
7. Kajikawa S, Kaga N, Futamura Y, Kakinuma C, Shibutani Y: Lipotei-
choic acid induces preterm delivery in mice.  J Pharmacol Toxicol
Methods 1998, 39(3):147-154.
8. Reznikov LL, Fantuzzi G, Selzman CH, Shames BD, Barton HA, Bell H,
McGregor JA, Dinarello CA: Utilization of endoscopic inocula-
tion in a mouse model of intrauterine infection-induced pre-
term birth: role of interleukin 1beta.  Biol Reprod 1999,
60(5):1231-1238.
9. Romero R, Mazor M, Tartakovsky B: Systemic administration of
interleukin-1 induces preterm parturition in mice.  Am J Obstet
Gynecol 1991, 165(4):969-971.
10. Bry K, Hallman M: Transforming growth factor-β2 prevents
preterm delivery induced by interleukin-1α and tumor
necrosis factor-α in the rabbit.  Am J Obstet Gynecol 1993,
168(4):1318-1322.
11. Davies JK, Shikes RH, Sze CI, Leslie KK, McDuffie RS Jr, Romero R,
Gibbs RS: Histologic inflammation in the maternal and fetal
compartments in a rabbit model of acute intra-amniotic
infection.  Am J Obstet Gynecol 2000, 183(5):1088-1093.
12. Dombroski RA, Woodard DS, Harper MJ, Gibbs RS: A rabbit
model for bacteria-induced preterm pregnancy loss.  Am J
Obstet Gynecol 1990, 163(6):1938-1943.
13. Gibbs RS, McDuffie RS Jr, Kunze M, Barr JM, Wolf DM, Sze CI, Shikes
R, Sherman MP: Experimental intrauterine infection with
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Journal of Negative Results in BioMedicine 2009, 8:1 http://www.jnrbm.com/content/8/1/1
Page 7 of 7
(page number not for citation purposes)
Prevotella bivia in New Zealand White rabbits.  Am J Obstet
Gynecol 2004, 190(4):1082-1086.
14. Gravett MG, Adams KM, Sadowsky DW, Grosvenor AR, Witkin SS,
Axthelm MK, Novy MJ: Immunomodulators plus antibiotics
delay preterm delivery after experimental intraamniotic
infection in a nonhuman primate model.  Am J Obstet Gynecol
2007, 197(5):518 e511-518.
15. Gravett MG, Witkin SS, Haluska GJ, Edwards JL, Cook MJ, Novy MJ:
An experimental model for intraamniotic infection and pre-
term labor in rhesus monkeys.  Am J Obstet Gynecol 1994,
171(6):1660-1667.
16. Sadowsky DW, Adams KM, Gravett MG, Witkin SS, Novy MJ: Pre-
term labor is induced by intraamniotic infusions of inter-
leukin-1beta and tumor necrosis factor-alpha but not by
interleukin-6 or interleukin-8 in a nonhuman primate model.
Am J Obstet Gynecol 2006, 195(6):1578-1589.
17. Buhimschi C, Boyle MB, Saade GR, Garfield RE: Uterine activity
during pregnancy and labor assessed by simultaneous
recordings from the myometrium and abdominal surface in
the rat.  Am J Obstet Gynecol 1998, 178(4):811-822.
18. Garfield RE, Gasc JM, Baulieu EE: Effects of the antiprogesterone
RU 486 on preterm birth in the rat.  Am J Obstet Gynecol 1987,
157(5):1281-1285.
19. Yallampalli C, Buhimschi I, Chwalisz K, Garfield RE, Dong YL: Pre-
term birth in rats produced by the synergistic action of a
nitric oxide inhibitor (NG-nitro-L-arginine methyl ester) and
an antiprogestin (onapristone).  Am J Obstet Gynecol 1996,
175(1):207-212.
20. Bennett WA, Terrone DA, Rinehart BK, Kassab S, Martin JN Jr,
Granger JP: Intrauterine endotoxin infusion in rat pregnancy
induces preterm delivery and increases placental prostaglan-
din F2alpha metabolite levels.  Am J Obstet Gynecol 2000,
182(6):1496-1501.
21. Celik H, Ayar A: Effects of erythromycin on pregnancy dura-
tion and birth weight in lipopolysaccharide-induced preterm
labor in pregnant rats.  Eur J Obstet Gynecol Reprod Biol 2002,
103(1):22-25.
22. Terrone DA, Rinehart BK, Granger JP, Barrilleaux PS, Martin JN Jr,
Bennett WA: Interleukin-10 administration and bacterial
endotoxin-induced preterm birth in a rat model.  Obstet Gyne-
col 2001, 98(3):476-480.
23. Mussalli GM, Blanchard R, Brunnert SR, Hirsch E: Inflammatory
cytokines in a murine model of infection-induced preterm
labor: cause or effect?  J Soc Gynecol Invest 1999, 6:188-195.
24. Fidel PI Jr, Romero R, Maymon E, Hertelendy F: Bacteria-induced
or bacterial product-induced preterm parturition in mice
and rabbits is preceded by a significant fall in serum proges-
terone concentrations.  J Matern Fetal Med 1998, 7(5):222-226.
25. Robertson SA, Skinner RJ, Care AS: Essential role for IL-10 in
resistance to lipopolysaccharide-induced preterm labor in
mice.  J Immunol 2006, 177(7):4888-4896.
26. Haddad R, Gould BR, Romero R, Tromp G, Farookhi R, Edwin SS,
Kim MR, Zingg HH: Uterine transcriptomes of bacteria-
induced and ovariectomy-induced preterm labor in mice are
characterized by differential expression of arachidonate
metabolism genes.  Am J Obstet Gynecol 2006, 195(3):822-828.
27. Hasegawa A, Otsuki K, Sasaki Y, Sawada M, Mitsukawa K, Chiba H,
Nagatsuka M, Okai T, Kato A: Preventive effect of recombinant
human lactoferrin in a rabbit preterm delivery model.  Am J
Obstet Gynecol 2005, 192(4):1038-1043.
28. Neidhardt FC: Chemical Composition of Escherichia coli.  In
Escherichia coli and Salmonella typhimurium: cellular and molecular biology
Volume 1. Edited by: Neidhardt FC. Washington, DC: American Soci-
ety for Microbiology; 1987:1654. 
29. Cirillo R, Tos EG, Page P, Missotten M, Quattropani A, Scheer A,
Schwarz MK, Chollet A: Arrest of preterm labor in rat and
mouse by an oral and selective nonprostanoid antagonist of
the prostaglandin F2alpha receptor (FP).  Am J Obstet Gynecol
2007, 197(1):54 e51-59.
30. Maul H, Shi L, Marx SG, Garfield RE, Saade GR: Platelet-activating
factor antagonist WEB-2170 inhibits lipopolysaccharide-
induced, but not antiprogestin-induced, preterm cervical
ripening in timed-pregnant rats.  Am J Obstet Gynecol 2003,
189(4):963-967.
31. Romero E, Ali C, Molina-Holgado E, Castellano B, Guaza C, Borrell J:
Neurobehavioral and immunological consequences of pre-
natal immune activation in rats. Influence of antipsychotics.
Neuropsychopharmacology 2007, 32(8):1791-1804.
32. Rivera DL, Olister SM, Liu X, Thompson JH, Zhang XJ, Pennline K,
Azuero R, Clark DA, Miller MJ: Interleukin-10 attenuates exper-
imental fetal growth restriction and demise.  Faseb J 1998,
12(2):189-197.
33. Kumral A, Baskin H, Yesilirmak DC, Ergur BU, Aykan S, Genc S, Genc
K, Yilmaz O, Tugyan K, Giray O, et al.: Erythropoietin attenuates
lipopolysaccharide-induced white matter injury in the neo-
natal rat brain.  Neonatology 2007, 92(4):269-278.
34. Wang W, Wei W, Ning Q, Luo XP: [Effect of intra-amniotic
endotoxin priming plus hyperoxic exposure on the expres-
sion of vascular endothelial growth factor and its receptors
in lungs of preterm newborn rats].  Zhonghua Er Ke Za Zhi 2007,
45(7):533-538.
35. Okawa T, Suzuki H, Yaanagida K, Sato A, Vedernikov Y, Saade G, Gar-
field R: Effect of lipopolysaccharide on uterine contractions
and prostaglandin production in pregnant rats.  Am J Obstet
Gynecol 2001, 184(2):84-89.
36. Ross RG, Sathishkumar K, Naik AK, Bawankule DU, Sarkar SN,
Mishra SK, Prakash VR: Mechanisms of lipopolysaccharide-
induced changes in effects of contractile agonists on preg-
nant rat myometrium.  Am J Obstet Gynecol 2004, 190(2):532-540.
